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NATIONAL ADVISORY C.OMMITIEE FOR AERONAUT+CS 

TECHNICAL NOTE NO. 1144 

MF..ASUBEMENTS OF THE: PBESSUBE DISTBIBUTION ON mE HORIZONTAL-TAIL SURFACE 
. .. 

OF A mICA!. PROPELIER-DRIVEN PUBSUIT· AIRPLANE·Il'r FLIGHT 

I - EFFECTS OF COMPEESSIJ3ILITY IN STEADY STRAIGHT AND ACCEIERATED FLIGHT 

By Melvin Sacioff, William. N. Turner, and. Lawrence A. Clousing 

SUMMARY 

"Preesure-ciistribution measurements were macie' in stea~'straight and 
accelerated. flight over both sid.esof the horizo~tal-tail surface of a 
typical pursuit airplane u.p to a Mach number ot 0.79'.' The results showed 
that a sharply increa,sing: daWn-load was required to ba~~ce the increased 
d1v"lng moment of the witlg-:-nselage-propeller group at Mach .numbers above 
about 0.70. There was little change, up to a Mach,number'of 0.65, of the 
tail-load gradient (rate of increase' of tail 10'ad for a unit change in 
accelel.ation f'actor); beyond. that Mach number, however, a rapid decrease 
of' tail-load. gradient to a' Mac~ number of' about 0.73 and' then a very 

.. sharp increase up to a Mach -number of' 0.785 was noted.. The root bending 
moments increased considerably on the right tail and. decreased, to a 
lesse+, extent, on the left tail a:~. the higher.~ch:numberB, resulting in 
increased fuselage torSional. mo~nts" at' ~igh, s;p~e~.. At. tJ:1e higher 
values of' lift coefficient (0.5 ·to9.a)~ '~ere' was. little change of the 
lateral distance to the cen,ter ot p~eBs~e, '\1:p"tO a: M6;ch number of about 
0.73; at the highest speed aiid 'at low ~lf'~:,cbeftic±ijnts,·(O'to,:O.l), the.:, 
center of pressure'.·'WS.s .:1:nboa;rd:e.:pproiima.-te1Y~.'~r·fle$t·C;n the.·':leflt tail and 
1.5 f'eet on the right tail as compared with the values at lower speeds. 
It appears that satisfactory quantitative data on total tail loads may 
be obtainea:-frorn measurements at four stations, equally spaced. along the 
entire tail span. 

A comparison of experimental results with the calculated horizontal
tail loading, using modified current Armw specifications... showed that the 
calculated compressibility corrections were small and, except at the 
cri tical down-load condi tions J could be neglected. Because the varia
tio~ in the tail-o.ffmomont. eo~fficient. 'at zero.~-+;i.ft . and in airplane 
stabili ty were not predicte.l accurately by modified current Dl6thods a.t 
the higher Mach numbers, the computed tail loads, which showed good 
agreement with the experimental loads at lower speeds ... failed to predict 
the change s in actual loading at the higher Mach numbers. The calcu
lated root bending moments were unconaervative as com:pa.red with the 
experimental values over moet of the speed range except at the highest 
s~eeds where the actual center of pressure on the left and 
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right tail moved inboard of the calculated vaJ.ue. The calculated asym
metric loads and fuselage torsional moments were conservative as compared 
with the ex~erimental values, ,The speci£ied chorAwise distribution o£ 
the be.l~cing,ta1l'loads;oirer the horizontal-tail surface was considera~ 
bly in e~or una.er' certain condi tiona, bElcaus<3, the actual section angie 
of attack (contr~ry to what was aSBUllIBd.) was not constant across the 
tail span, a.nd because the elevator angle wae not taken into accol.Ult in 
distributi~ ,the chordWlae loaas. -' ' r, ' 

, -' 

INTRODUCTION 

Stru~tural failures of the horizontal-tail s~aces of-high-speed 
mill tary /3,il'cr,af:t hew-e. occurred r.ece'ntiy, raising the question of'-
whether current' d~si'sn ;requi;,ement's a1'e adequate for predicting the max- ' 
imum horizontal-tail loads 'that are likely to be ~ncountered in flight. ' 

To ,:proviae data as a ';~e'is for possible revision of' -e:datins design_ 
reqUirements, ';p'ress~~.d:!:~tril;)'uti,on :tneaeure~nts were made on tho 
hor1zontal-t-ailsuri'ace of, a r(3presantative ;l?ursui,t-ty:pe airplan@ during 
various tY~6'Of' maneuvers inwh1ch it was tho~ht critical load+ns con-
di tiona on tne tail' ~~ht' he obtained, '" ',:' ' 

: . ..., 

This-: report', "the ;firfJt of, 'sevcral',r€lpoft,s qn :i;lorlzontai-tail loeds 
in stea~ straiSht'arid acoel€lr&t~d flight,' sid€lslips; and ,abrupt maneu
vers, covers the ,tnil loads in s,teady straight and accelerated flight 
over a range of spee,~', inc.luding those wh-O!e ,compress~bil1 ty ef'fects 
may become important,' T!:J.e ,t~il loa.ding calculated a.ccording to slightly 
modified, current deslgh requirements is compared wi th the experimental 
results, and an attempt is made to point out where and why th0 a'Pplicn~ 
tion of theso requir~~nts ro~u1ts in failure 01: 'the designer to predict 
the actual loads and their distribution ovor the horizontal-tail surf'ace, 

r 

SYMBOLS 

The symbols used, in i{his roIlO-rt are as follows: 
, " 

bt horizontal-t8i~ span, ,feet 

Mr root bending moment .. (pOsitive when clockwiso as soen from the r~ar)', 
foot-pounds 

c local tail chord, feet 

C wing mean aerodynamic chord,' foet 

.. 

\ " 

,- --,;; 
• 

-, ~- .' 
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d 

D 

H 

section loaamodulus, feet 

pro:peller dia.meter, feet 

wing drag, pounds 

free-stream total pressure 

p~ss~e altitude, feet 

3 

tail length (distance from airplane c.s. to one-third mro:imum. chord 
,point of tail), feet 

M free'.£ streatn. Mo.ch number 

pitching moment (stalling moment is pO~itive}, ,f~ot-pound.a . , 

torsional moment on fuselage due to horizontal-tail:loa~ng. (posi
tive when moment is clockwise as seen from. rear), pound-feet 

Nt : :air ,'load.'ofi ~horfzontal tail (positive when load. is ~tiIl8upward) I 
··~Ound8.· .' '" ~ 

p free-strerun static pressure 
.. . ~. 

Po standard atmospheric :pressure at sen level 

p~ :pre ssure on lower surface, P?1.md.s :pel;', s,quare foot 

Pu :pressure on upper surface, pounds :per square foot, 

PRES resultant pressure coefficient, [(p~ - Pu)/q] 

'" q free-stream d;yna.mic pressure, potmds per squar~, foot 

S horizontal-surface area, sq~ feet 

propeller tl;\rust ,"" 'pollllde ", 

V true airspeed, miles :per hour 
. . . . ~, . ," 

correct indicatedairs:peed, ttdle~ per 'hour 
.. ' " 

W average airplane weight during test run, pounds 

.. .. ' 

" , 

x horizontal distance from center of gravity to aerodynamic center of 
wing (positive when o.g. is aft of a.c. of wing), percent M.A.C. 

, ' 

.. _--_._. -~ 
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x' horizontal distance from center of Bravi ty to propeller plane 
(positive when c.g. is aft of propeller pl~), feet 

z v~rtical distance from center of gravi~ to aero~namic center 
of wing (positive whon c.g. is b~~ow_a.c. of wtns), ~rcent 
M.A.C ,-

.. ~ 
Z I vertical distance from center of--gre;vl ty tu-tllrltst line (pos1-

ti've whon c.s. 1s above thrust line), feet. 

~ sideslip angle (posl tivo when rlght wing ~.s forward), degrees 

elevator angle (~osit1ve when trailing odge 1s down), degrees 
from thrl'ls'c axis 

p air density, sluga per oubic foot 

~ airplane lift coefficient (WAZ/qSw) 

the ratio of-the net aerodynamic force along the airplane Z~axis_ 
, ,(yositive 'W~~n di]:'6oted upward) to the weight qf the airplane 
',' . . -,' 

,-1 .' 

II l' • ~' •• r. 

CDw . wing drag coefficient (D/qSw) 

:pi tching-moment coefficient (~/ q¥) 

fuselage pitchina-moment coefficient 
: " 

.' . ;.~' /~ .. : 
(fuSelage .Pl_tc~\ng mom,c;t:p.t ) : 

qSwo 
• _', ~~ • ~ ., '" • •• r I" j... 

:pi tehing-moment eoe:ff~clent 'due .to normal force on prb~llei-'· : 

.... I I 

( J?i tching InOInent due to normal force <;>0 pr?l'eUe:r.) 

qSwc 
, ,',0 - , 

., 

. " ~,.',' -; "~~':""'."::. : '~ I.. • 
o. ..... "1-' 

. \., ,I . ',~. . ~ . . ~..., . '. 

.... -: " 
,,; .. ' .. ' 

. ~_: .• :. ..,..-" ~ ',' .r: I. OJ'.,' l' ", ... r" 

,,;.. .. ,1 ..' . ~l:~' ~ ., :.j;.~ ~ '." ... ~':.- ',4 
. • I '.~ " .. • ... :.'.:~ ... ' . 

r 
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torsional.moment coefficient (~/ qStlJt) I 

cn section normal-force ooefficient 

, " 

Subsc~ipte 

a-t airplane minus tai~ , 

L :Left 

R r1.e-.ht 

0 zero lift 

t tail. 

w wing 

DESCIUPnOU OF AIBPIANE " 

':fue te at airp~ane is a single-place, singJ..e-engine 1 intercep.tor
pursui t, ~O'W-'Wing m~nopl.Bll:e driven by a tractor propeller' and. equipped. 
wi th a retra.ctab~e tricycl.e ,~diDg gear. Figures ,1 and.. 2 are photo
gr~:Phs o:f the air:p~a.ne as ,instruInented for the flight tests. FiBUr6 3 
1's a three-riew dra'W1ng showing the general, layout of the airplane. The 
specifications of the test airplane are as :fo~ows: 

. .. _------
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Airplane, general 

Span • 
Length 
He!lgflt. 

. . 

Horizontal tail 

• • t • • • 

., . . . 
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34.0 ft 
30.17 ft 
9.~7 ft 

Span . . . . . . . . . . . . . . . . 13.0 f't 
Area ....... . . . . . . . . . . .. 40.99 sq ft 
Airfoil sec t:l.on NACA a:p:prox. 0010 to 0006 (fig. 4) 

Stabilizer setting (relative to the airplane longitudinal axis. 2.250 

Elevator area (including 4.3 sq .:f't o:f overhang balance) . . 16.89 sq :t't 

Nominal deflection I • • • • • • • • .. • • • .. • 

Wing 

Airfoil seotion, root . . . • . . . . 
Airfoil seotion, tip . . . . . . . . . 
Area, total, inclUding ailerons and. 

section projected through fuselage 
Angle or incidence at root (relative 

to aj.rplane long:f. tudinal axis) 
Geometrio washout 
Taper ratio 
Mean aerodJI'nam1c chord 

l-le1ght 

Normal. gross 
As flown 

Center-of'-gravi~ positions 

Hor.fzlmta1l, 

Most forward deSign, gear up 
Normal grose 'Weight, sear up 
As flown, gear up . . 

Vertical 

Most forward deSign, gear up 
Normal gross weight, gear up 
As flown, gear up (approx.) 

. . .. . . . 

. . . . . . . .. 

NACA 0015 
NACA 23009 

213.22 eq ft 
o 

" .• 2.0
0 approx. 0.7 

1.97:1 
6.72 ft 

. '.' . 7629 11, 
7720 to 7340 1b 

0.232 M.A.C. 
0.285 M.A.C. 
0.303 M.A.C. 

0.106 M.A.C. 
0.077 M.A.C. 
0.067 M.A.C. 

.. 
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Engine 

.', .Type , . 
. r _ ••• • • • • • .. • • • • • • • • • • • • " Allison, V-IIl0-85 

Ratings, without ram: 
'. 

. .. _. 
.. . . : . Mani1'old Tlme 

bhp pressure rpp. , Altitude limit 
" (in.' Hg) (:ft) ., (min) • 

Take-of1' 1200 51,5 3000 ·ESa level 5 
Military 1125 44.5 3000 15,500 

.. 
15 

Normal 1000 39.0 2600 '14;006 Ibne 

Engine-prope-ller speed ratio .. . . . 

. . .: D1.8l12e'~r ~ '. .. • .• .• •.• • • .. • • • • • • • • • • • • • •• ll.58 ft 
.!Type., ,...... ! ." .•.. ~, . Tp.ree-b~ade hOllow-steel seleo~1 v~. e.utomatic pitch 

~.; . ·l3lade .. model· . " :."':.: ,. , " ~ ; , " • : . ' .... , " • ' ~, .". A-20-156-l7 

" ~ .... 

.. '.' .... . ' . 0 0 
".: :Maximum .p:1;tch l:imj,:b~·. ,'. ~ , .. : , .'. " , , .. ; '., ~ ,' .• : 28, to ,63 
; .Direction of rotation, as seen' by pilot· , .... ' , •.. ,', -- 'Clockwise 

. . ~" 

. ~ ho:rizo~~~·.~.ai·l,01' ·the.te·st··.·airpl~e was not.·a p'~oduction type 
as extra ribs were :placed. ·in 'the elevators to :permit rigid insta1la.tion 
01' the orifices at the desired stations, and doubl~r pla~s.were in~, 
stalled in the lower stabilizer surface to reinforce cutouts necessary 
for the installation of the orifices, Figure 5 is a simplified picto
rial drawing ahow1ns the added reinforciIlS features in the horizontal 
tail of.the te&t airp~ane~ 

. :.,. .. 

INSTRUMENTATION . _............ ..... .' . '., .... . .... ~ .. , ., ~ ...... - .. 

StandardNACi" photoSraphic8.lly recording' inStruments. Were :u~ed to 
measure, as a function of time, the following va.+iab~.es,: indicated air
speed; pressure altitude; nor.ma.l acceleration; engine maD1fold ~reseure; 
engine' s:peed; angle of sideslip; rolling, yawing, and pitching veloc
ities; elevator, aileron, and rudder positions and control forces;' 8nd 
resultant pressure distribution on the left and right ~orizontal-ta.il 
surfaces. . . 

A freely swi vellng airspeed head was mounted on' the ·end ofa boom 
exte'nding ~p:proxima.tely one chord le:pgth ahead of the leading edge 01' 
the. right wihs and located at a spanwise station about 7 'feet inboard. of 

., . . 

~..... & " . 

";... .... .; • ~ I " •.. -
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the wing tip. The recorrlir:IB static head was calibrated for position er
ror by comparins the a1ti tl .. ie--record.er readiIlBs with the known pressure 
altitude as the airplane was flown past a reference height at several 
speeds. The measured tote,l pressure was assumed to be correct. As used 
in this report, indicated airspeed was computed from the formula by which 
standard. airspeed ~ters are graduated.. The formula, which gives true 
airspeed at standard sea-level COnditions, ~be written as follows: 

V 1 '== 1703 : [ C' R - E + 1 ) Q. 2SB _ lJ 1/2 

Po-

• 

A 6O-Cell pressure recorder, located in the rear section of the fu
selage ,between the oil tank and the beggege compartment, was used to 
measure the resultant pressures ove~ the horizontal tail at the locations 
listed in ta:t>le ! and shown in figure 6. In, o~d~~ to obtain. accurate re
sultant pressures (the algebraic difference of the pres'sures at the bottom 
and, tpp surface's), the orifices were located, as nearly' as structural de
tails' perini tted, one above the other on a l;ine perpendioular to the ohom 
plape of the 1?ail plane. '.. . . 

PRECISION 

, ",' The p;recis'ionwi tIl which the various quanti ties 'were believed to be 
m.easUrecl in the tests is indicated in the following tab~e: 

Item Estimated preciSion 

Normal accelerat:J.on :.to.05s 
, 

" 

: :1:.500
, .. Elevator angle ' . 

: , . 
" 

Sideslip angle 
' 0 

, :.tl.O 

±~~. percent 
" 

Ai-rspeed (to 200 mph) . , 
" ' , 

(above 200 mph) ±lj percent " 

. , , , . 
Altitude " I ," ±300 :f't 

" 
, , ,. 

, 

Tail load (low speeds, unaccelerated flight) ±BO,J,b . ' 

(high speed, accelerated fUght) ±lOO lb 
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. The' pertinent pressure-me~s~i~ instruments were the airspeed re
cOrder, the altitude recorder, and the lIiultiple-cell :d!anometer.· The .. 
errors il,nherent in these 'pressure-measur1ng devices, .and. the possible 
SOUX9e.S . .of. error in obtaining loads and momentl3 froiD. pressure- ' 
distribution measurement·s' e.re discussed -fully in r.efer~n~~ 1. Other 
possible sources of er.ror considered. were the pressure-lag che.re.c'terTs.;.," 
tics of the tail lines and. the procedure of fairing pressures over the 
bulged elevator ass~ng no change in section along the tail span. The 
pressure-lag characteristics ot;' typical 40rizontal-ta11lines -were in
vestigated, and it was found th8.t· the lag was negl.igible for the· rates 
of :pressUre ch8.Dge encountered. in this investigation.':' FiSure 7· presents 
:photographs of the e~evator-fabric bulging of~the test airplane in 
fltght at ''Several values of..,i,ndic~ted airs:peed. No attempt was made to 
correc.~ .,the elevator l.oads for f'a.bric bUlging. .., -.. .. . .......... _ .. . 

FLIGllT PRCGRAM 

.. ' ".Wi tll. ~h~, c,e,~~_r' ,~f gravitY loce. ted e. t ·30 . .3 percent of the mean aero:-' 
d;vnamic chord, 13 succesSful test runs were made. ,so tha,t., a-:t e. pressure 
altitude of 15,000 feet, a Mach number range of 0.30 up to about' b.So . 
wa.s .. oo"{.ered ... ~. ,C?r~e;r to reach the required Sllged at the specified 

_:alt~tude i~.the .. h!8her·,Mach· number tests (0.,70 and a.bove), it ~s neces
sa.ry. todi:ve ~e a.1rp-JAne 'frpm progressively higher uti tudes,. until 
f~li ,·in,~ .. d.1v~ -~pproadiir~e(te'rminal velOCity ·in :Which e. MaC?~ '.~e.r 
of 0.79 was 'a.ttained., ·it·Was found necessary to start th.e .dive ·from. the 
airplane service ceiling of about 32,000 feet. Five dives -were'I!llide' 'to 
Mach n~er~. of ,o! 70. a.nQ.. above, with the starting al t1 tude for these 

.' dives ,:iaryi~,.f.~om al?p:r~tel.y· 24,000 :feet to abou~ 321000,,:£:e~t. Du
plicate, tests )rere made, as nearly as po~ei ble, for bo,th the' :pewer-on .. ~ 

.. and ,the poweMfr cond:t tiona .-; The required.. te;st runs·' are 'listed' in the 
., :folloWi~ 'tab~e:, ". , ";'.; .... ", " .:0' .... ',' ..... .,~"_.~:" . 

. . :.' " .,. "; • ._.~ J ............... :!:I:. .... - --.------: 

';' . ::..;.. -, ;', .' r',· . ~ " . -~. . ,'.; 

! .... I ..... _, ... ; .... _ : , 
.:. ,. ~ . ..... 

. '''; .... : : , . " ." . . ...... .. ~, 
'. ... . 

"'; .' I ..' ~ :'- ," ',' • <to 

.. 

"'; 

:. ..~ ,.': .-: 
..... 

---........ -.- . ..:-~.-.. --~~--.-- .... , .. -= 

... .: ::-,'-'~--=:.- ...... .:. "':..=~~.~ . 

':, ~,.- ~..:.- ........ ': 

.:';''': ~.t'" ... ~,....-r::...- I"~.- .• ~-- - --- _. __ 

. -
... ~..... . ... -- ... ----0---&&-'--

. ~ -
." " . .." "'--. ----.._' 
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'.,; . ," /':; 

: . . ~ '~~" . . , 
Powe~, ,ooncUt:!..on 

" ... ~. . 
, ,~~ . ' .. .. . ~:: . . . ~ 

• .;.. !".: i 

I' 

Po-wer on (e:ng1~, 
power setting 

,)0 " of full throttle, 
, I" and, 3000 rpm) 

c' 

Power off (engine 
f'ully throttled, 
propeller in high 

, p~t~~) 
" .• ;. \'0 

,I: 
. Vi ·:· 

(lIiph} 

+, ',' 

,170: 15,000 
.230 , 
:290., 

15,000 
15~OOO" 

3-50 15;000 
,410 15,000.:' 
440 15,009. 

: 470 15,000' 
, 

170 15,000 
239 15,000 
290 l5~000 
350 151 000 
410 15,000 
440 J~,OOO 

. .' ;.~ . o • 

" . 

'M' .' A.z, ", 
.max 

. 
0.30 ;"!)~tall 

.40 5 . 
" " .50 " o· 0'5 ' . 

" 

:,~6q' , .' 5' " 

.70 ' , 5 
" 

.75, , 5 . 

.,80 
'" 

',,', 
, ' 

., ',' . ~ . . . . ( ~ 

0.30 Stall 
.40 5 
.50 5 
.60 5 
.70 5 
.75 .. 5 

All ~hee~ tests were performed by 'taking continuous reqord.s d~ing 
f!. gradual Pu1l-out, while the other' condi tiona were held constant insofar 
as p~Bsible.· Theef'fecte of pi tchtng"accelerations of "Phe ~ t~de 
,me~swed in these tests were emall :enough to, warrant no, :f).tr:th~r consid-
eration. ," , ' ' 

~ ",. . ... . 
,;,. ... ',.. . ',' . '. . . 
. - .' Power-bff' ~e'Ste .were run with· ·the, engine fully "\ih;rottled ~d :the 

,.,,Pro:Pelle! ,in hi~':"pi tCh ·se'tting. Power-:-on :teats 'Were rUn wi th an engim
power setting' of full ,tnrb-ttle 'and' 3000 rpm~ CUX'Ves taken from 
reference 2 showing the variation of brake horsepower .(a;~ determined by 
reference to engine-power charts) wi th pre esure al ti tude, and propeller
blade angle and engine speed 'With true airspeed are shown in figures 8 
and 9 for these power settings. ~ 

RESULTS 

Inasmuch as the power-off tests were not carrj.ed to Mach numbers 
where m.a.jor changes in tail loading due to compressibility were incurred, 
and since the results from these tests showed good agreement with the 
power-on results at high speeds up to the limit of the power-off teats, 
the power-off curves are not presented or discussed in this report. The 
differences due to power at low speeds were in the expected direction. 

.'- ii .-
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Variati'on: of' Rorizoil.ta.J...Jl!ai~ Loads with Mach Number 
. " .-.~~-

,Reduction of' data.-- The resultant pressUres 'f9r each or1:rice sta-
tion were obtained at selected time pOints. during each teet run and 
plotted against tail.chord to obtain the chordw1se pressure distribution 
at each s:pa.nwise statiQn. The unit span load.s, obtained by mechanically 
integrating the chordwiee pressure distributions,' 'Were plotted against 
tail span. From a consideration of the effect of' fuselage wake on'the 
dyne.m1c pressure at ,the tail and the re,duction in the tail chord due to 
the elevator cut-out, it was, decided to fair a constant load over the 
fuselage equal to, twO-thirds of the average loading of the left and 
right most inboard stations. Integration of the epanwiee-load curves 
gave the left,' right, and total tail loads in pounds per un!t ~c 
pressure. For the time points a.t which the ~il loads were obtained,: 
the corresponding values of airplane lift coefficient and Mach number 
were determined. In figure 10 are presented typical. chordwise end 
spanwiee. load distributions. ,Sinee'the orisinaldata were not reduced 
so that pressure distributions cou1~ be presented for even values of 
Ma.cl;l,number 'and. 11ft coeffiCient, plots most nearly approaching the , 
selected.. val.ues of' lift coeff'icien~ and. Mach number are presented. for 
comparieion.For these d.ist~ibutions, fo~ lift coeffiCients, 0.1, 0.2, 
0.4, and 0.8, were sel-ected, while the Mach nUlll.ber values chosen were 
o .30, 0.50,' 0'.65, o. 73, and. 0.785" .. 

In order to derive certa:in related . curves snowing compressibility 
effects on horizontal-tail loading, the basic da~ in coefficient form 
as, determined from :figure 10 and from' similar figures for other 'Me.ch 
numbers end lift coefficients not shown in this report were plotted as' 
a :function of airpJ.a:ne lift coefficient for several Mach number'groups. 
Th~S:9 0 grou:t's were divided as follows: 

.. ~ -

Mach number group Average Mach number 
" 

0.40 
o· 

M= 0.20 to 0.30 
. ' '.' 

M .40 to .60 . , .50 = . .:. ,-
" 

.~ :" . 
M =, . 60 to .70 .65, 

" . .,' : 
" 

M= .70 to .75 ' .725 . 
,I, 

M= .75 to .78 .765 
. , 

" ' 

M = .78 to .79 .785 
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The above Mach number ranges were eelected to provide enough aver
age Mach number points to define subsequent derived curves. Figure 11 
presents the data for several o~ the group~ noted above to show the 
relative experimental scatter of the data. The method of least squares 
was used to itt straight lines through these data since fairing through 
experilllBntal data b;y eye' ~end.a,to ~avor the end pOints. 

0 1 : 

Pressure distribution~~- Several points of interest may be noted 
in figure 10. First, the spanwise loading curves show clearly how the 
down-l~ads on the 'tail increased rapidly at Mach numbers above about 
0.70 with the greater part of this incremental load being carried by 
the right tail. '(See figs. 10(a) to (d).) Second, a change in chord
wise distribution at the highest Mach number (fig. 10(d» was char
acterized by greater negative peak pressures (especially at the moat 
inboard sections), by the peak: pressures extending over a greater por
tion of the stabilizer chord, and by a decrease in the up-loads on the 
elevator. There are at least three factors which ma.,v have contributed 
to these changes in chordwise pressure distribution: (1) shock waves 
~ have formed over a,portion of the horizontal-tail surface, Since 
the highest test Mach number (0.79) was considerably higher than the 
highest-calculated critical Mach number (~ig. 12 taken from reference 3); 
(2) an increase in up-elevator (which resulted in reduced up-loads on 
the elevator as well as a decrease in effective angle of attack of the 
tail) was needed. to trim the airplane at the higher Mach numbers; and " 

I '(3) a change in the tail angle of attack may have occurred at a constant 
value of 1i~t coefficient at supercritical Mach numbers. This effect 
would result from a decrease in the wing lift-curve slope and a change 
in the wing span load distribution (re~erence 2) with resulting changes 
in downwash distribution at the tail. An ad.di tional point of interest 
in connection with the changed chordwise distributions is that the 
negative pressure peaks at the inboard stations (AL and AR) did not 
flatten out "as they did at the outboard stations. Possible reasons for 
this are that a reduction in d;ynamic preesure occurred at the inboard 
stations due to the fus~lage boundary l~er, and the rate of change of 
downwash with airplane angle of attack was different at the inboard 
stations because of the presence of the fuselage. 

Tail normal-force coe~ficient.- By cross-plotting the values of 
tail normal-force coefficiente in figure 11 against Mach number, figure 
13 wae obtained. The variation of the tall normal-force coefflciente 
wi th Mach number in the low to intermediate speed range (M "" 0.30 to 
about 0.65) can be attributed mainly to the several effecte of power. 
The curves presented in figure 13 also show very clearly the sbarp 
change toward negative tail loads beyond a Mach number of 0.70. This 
rap:lod increase in down tail loads beyond the cri tlcal wing Mach number 
(0.69 for NACA C015 section at CLw a 0) may be seen fram reference 2 
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to be the J:"esul t of shock waves fOrming on the upper surfaoe of the 
wing; the resulting decrease ~n the negative pressure peaks over t~e' 
forward portion of the winS and. J:"earward lllOVement o'f the center of 
pressure caus~s,a shapp ~ncrea~e in the div!~ moment. 

l 

Horizontal-tail load§.- The variation of horizontal-tail loads 
with indicated airspeed was derived with acceleration factor as a pa
rameter by using the values of ta1l-loadcoefficient given in figure 13. 
Figure 14 shows this variation 'for acceleration 'factors of 0, l} 2, 4; 
and 6 at a pressure altitude of 15,000 'feet. Although the change in. 
balancing tail load in steady unaccelerated flight at indicated air
s:peeds from 160 to 400 miles :per hour 'Was less than 400 pounds, the 
change at indicated airspeeds from 400, to 460 miles per hour was over. 
1000 pounds. In a terminaJ. velocity dive (Az == 0) with the airplane 
assumed to be traveling at its Umi tiDg speed (475 miles per hour indi
cated, at crt tical eJ.ti tude), ~extrapt-,lati'on of the curve in figure l4(a) 
indicates a down tail: load. of' about' 2500 pounds. AJ.though this is not 
in excess of the down-load, for which' the tail" was designed (5290 lb 
from the manufacturer's analySis), it is considerably InoJ:"e than the ~
sign balancing tai,l load",tor,'the test airplane '(-1610 lb). 

The" -curves presented in figures 14(b) and. l4( c) show the portion ' 
of the total tail load that' the le.ft and ri'ght ~ai?-- carry. 

In order to illustrate the effect of al'ti'tude on the onset of com
pressibility effects on tail loads, the values' obtained in figure 13 
were used to determine the variation of horizontal-tail load.s with pres
sure alt! tude at constant values of' indicated airspeed.' in steady 
unaccelerated flight (Az = 1.0). The results are presented in f.'igure 
15. From figure l5(a), it is app8.rent that, at an indicated airspeed or 
250 miles :per hour, compressibility has very 11 ttle effect on tail loads 
over the entire alt:ttud.e range or' the teet airplane. At indicated 
speeds of 350, 400, and. 450 miles per hour, compressibility starts af
fecting the tail loads at about 20,000, 15,000 and.. 10,000 feet, respec
ti vely. The converging of the curves in figure 15(b) at a down-load. of 
about 200 pounds at sea level is the result of the combined action of 
]?ower (slipstream. rotation) and the normal che.nee in ~ala.ncing tail load 
wi th indicated airspeed; compJ:"essibili ty effec,ts w~uld: 'not enter the 
picture since the Mach number a.t 450 miles per' hour indic~:ted 8.irs:peed. 
at sea .'level, is only 0.59. The increase iri., down-loads a.t the 'lIl;8d1um to 
high pre-ssure .alti tudes may again be seen to be gJ:"eater for the right 
tail than ~or the left. (See figs. l5(b) and 15( c) . ) , , ' ' 

Horizemtal-ta11-1oad. gradient ,- By plotting -€he sloo:pes of the 
normal-force-coefficient curves'~ figure II as a function of Mach num
ber, :figure 16 was obtained. This figure presents the variation with 
Mach number of the rate of change of tail normal-force coefficient with 
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., .. 
airplane li:ft coe:ff:1:cient.· These curves' are similar in shape to curves 
of tail-load gradient (defined as the change in tail load in pounds :for 
a change in acceleration factor of 1.0) as a :function of' Mach number; 
there:fore, in the :following discussion the term "tail-load gradient" 
will be used with re:ference to el therparameter. It is to be noted from 
:figure 16 that the left tail-load gradient .is higher than the right over 
the entire speed range. A possible reason :for this difference at super
cri tica.lMach numbers is that the left wing encounters supersonic local 
speeds slightlY before the right wing with the resulting unsymmetrical 
change of'downw.sh .. at the tail With airplane aIlBle.of attack. The· di:f-

... ·terence ·.in the left and right tail .... load gradients at .the lower Mach 
numb.er,s ."I!JB:3' be attributed to power e:f:fects. The small varia~ion with 
speed o:f the total, left, and right.tail-load gradients up to a Mach 
number of 0.65 'Was probably the result o:f a change in power .e:ffecta with 
speed. Abov.e a Mach number o:f 0.65; a 'rapid decrease in the total tail
load gradient occurred 'until a minimum value was reached at a Mach 
number of about O. 7~. The decrease indicates that, the instabill ty 

[ ( dC,,\>/ dCL ) ar-t ] of: ~ airplane wi til taUo~f dacreaoed ln thls 

region t as the stabilizing moment slope o:f the tail in stea~ :flight is 
equal to the destabilizing moment slope o:f the rest of' the airplane. At 
Mach numbers above 0.73, the tail-load gradient increased sharply with 
Mach number, indicating rapidly increaSing tail-off instability. 

The total tail-load gradient in pounds per unit acceleration factor 
is shown in :figure 17. From this :figure and from figure l1!:(a:), the bal
ancing tail load for a giv,en Mach number at any acceleration ':fac~~~ can 
be determined by the use o:f the following equation where each of the 
values corresponds to the particUlar Mach number being considere,d.: 

N "-: N . t ~ t. 
. '0 

, ' .. '. 

Since the teste we~ no~ ca~~ed ~o ~he airplane lindt design load 
factors, the application o:f, theabor~ ror.mul~ to obtain balancing loads 
at the design pos~tive or negative load:factors ~ indicate balancing 
loads on the horizontal tail sllshtly different :from those that would 
actually be ~bta;Lned .. , However) i;t. is 1;lelieved .that, for the purpose of 
comparIng the e-?Cper1mantalwf, th the calcula.ted loading at maximum poe1-

. t:J..ve and negative load factors (Discussion s~ction)" the error intra- • 
~uc~ by ,the, ext;rapolatlon is ~l and the adv~tages gained by ·its uS! 
outweigh any possible objection. 

- I 
; 

" 
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Vari'atfon 'of Rd'ot' Bending Moments' '~d Fuselage :,Tors,ioMi, 
. . . :;.. ' ..., '... .'. . .. 

'Moments Wi tb. Mach NUmber ' ... " 
.~ -' ,. 

:' --:."'- ' .. l " , . .W' _ __ __ _ _ __ 

,', 'Bending ,moment 1""; Because' a, trerid toward 'highas~tric loads on 
the horizontal' ,ta.il was :noted at h:1:gh Mach numbers, an: inves't;1Sa.ti~:m 
was made into the possibility of cri ticaJ;:bend1,ng moments on tlle tail 
and high torsional: moments at the' 'rear 'fuse1age sections. In ~)rder to 
determine whether the increased do:Wri.~loade on the ta'il at the higher 
Mach nUmbers -w:e're;'aci'com]a.nied.: 'by a. redistribution 'Of these loads,' th'; 
left a.rtd. right tail bending' 'mOIDe;lts about the' 'root chord. were obtained. 
The'se- mOments were then reduced, to coefficient' form and plotted as ~ 
functlon of lift coefficient as in f~sUre 11. ,CroBs-plott~ng the values' 
of moment coefficient in these figures as a function of Mach number' gave 
figure 18. 

An 1nspecti'on' of the c~es 'in f-igure 18(a) shows t~t there was 
l~:t~~ ,variat~on ,~~ CMz.r. as the,~c~ ~umb~r increa~ed, ,the III:o,st" 

notice~b1e' ch~e occurring as the Mach number 'exceeded about 0.72 a~ 
,,;the ,lower lift c'oefficiente ~" (No doubt similar or :perhaps' more marked 

changes 'Would' 'have been no~ed at the hi'gher lift 'coeff:Lcienta, if they 
had' been obtained at correspondingly' high Mach numbers.) . In figure T 

,1~(~?, tnev~ia~i,on of ~R iIi the 'lower 'Mach' number r~e , .~" 

(M = 0.30 to 0 • 60) wa$ due mostly to load changes resui ting :rrom the 
ef~ects of power (slipstre~ rotation). At higheJ;'Mach :J;l.um.b~r~~ the '", 

'bending..:momeht chimges arose from two effects: (1)' the:1nc:rease','in the.' 
do'WU-load.s on the tail ~t a. constant lift coef'f'icient, and (2,)' 'a,' redis..;. 
tribution of thes'e loads. In' order to determine the, ·ch~e i~ "the..' ' 
lateral distance 'to 'the center of' pressure that occurr~d with Mach'num
ber, the values in figures' 18(a.) and. (b) and. 13(c)' and. (b') were used. 
Figvre' 19' Elhows the variation of 'the lateral distance to the. center of' , 
pressure on the risht and left, tail With Mach n:\lmber' for, airplane -lift, 
coefficients of 0.50 and 0.80. The curves for' the lower'vaiues of' lfft 
coefficient' 'Wre not include[ because they 'were too inconsistent .'due to 
both' th~ . small tail loads and the email bending moments. However, ' 
several, of th~ h1~es1; Mach number p,c;?ints were 1nclu~d at the lower' , 
values of lift coefficient for both the left and right tail because the 
down-loads were sufficiently large to' enable dependao,le values' of centeJ:' 
of pressure to be determined. In generaJ., i,t can be cOliciude9-. froD;. , 
fisure 19 that there was little movement oltha'center of ' pressure on' 
the right and left tail up to a Mach 'number ,of' 0'.73: At the ,highe'st ~ 
test Mach ,nUmber, however, the center of jreaBure"~B inboard. about, '3 
feet on the left ta.il and"approximate1y'l~ feet 'o~· th~ riglit ,tai~ as' 
c0tI111ared: with the va.lues. at, lower speedJf an~: ii,i.~~er l~:(i/co$ff'iCi'entB. 
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Fuselage torsional ~nt~- Th~ v~1atl~n with 'Mach n1.1Illber of the 
fuselage torsional-moment coefficient is presented in figure l8(c). The 
conv~~g~~ce .. of' the curves {It a Mach number of 0~30 for the different 
lift-coefficie~t parameters, at.a torsional~me~t, coefficient of about 
0.020, is of 'interest. This fact ·andicates that 'the fueeiege torsional. 
moment at low'speeds was proporifional principaiiy ',to propeller.-torque 
c6e~ficient. The general trend 'for, the tors~ortal 'moments to increase 
beyond a 'Mach number'of about 0,'-65 iEl also of int8'res:tj ;'and follows, of 
course, from the fact previously'noted that the~right side of the tail 
carried a greater :part of the inoreased down-load 'atsupereri tic~" , 
,speeds. F1gure 20 presents curves of" left and right bending lIWments 
BJ;l.a. torsional moments as a funct,ion of Mach number at an aj,rpl.e.ne l:1.ft 
cos'ffident of 0.10 to show the actual' maBni tude of the moment changes 
in foot-pounds. 

Variation,of Section Lt;'&ds,with Mclch':Number 

9f paramoUnt interest j,~, .the possib~,li ty that qualitative and per
haps quanti tati:ve :: ,j.nforJ;!lati on, regarding the effect of-compress! bili ty 
on total horizontaJ.-tailload,E!"may b.e obtained. from pressure-d.ie,tr~bution 
measurements at several carefully, selected epanwtee stations instea~ of 
from complete measurements on the entire'horizontal-taii surface. ,In 
order to show whether this possibility 'exists, the values of section ' 
normal-force moduli (sect1011 normal :f.'orce divided by free-stream ~namic 
p~essure) 's>t four spanwfae stat+9ns were.,.oc:tained from figure 11 and, ' 

. a:£ter conversion to coef'ficient form", plotted ~s a function of total.. 
tail normal-force coef'fiCient. The r~sul~s are presented' in figure 21. 

,A.l~o ~hown ~"n f'igure 2llis~a comparison'of the total normal-force 
'coefficient With the individual"section normal-force coeff'lcients at 
zero lift over the test Mach, number range. T!le important observations 
to be lllade from this figu:ce are filj'st, the,t except for sta;tlon C on 
the left tail; the; sect10n.coe~ficients ~t zero lift and hlgh Mach num
bers varied in eubstantl,aJ.ly ,the, s_ zna.nrler Wi til Mach number as did 
the total tail-load '.coeff'ieie~t~ At' 'the ~ower 's~eda'; pOWer 'eif~~'t6 
r~sulted,ln large:d1screpancies, parPicul~rl1 f'or the outboard sec
tions. Second, the' approx'1mate p~il.e.l.:i.Bm of the curves of' cn 'as a 

o ": • 

f~ction of' CNt ' .i?~~,cate~ that~ except for station C on the left 

tail, the, 'section load gradients chaneed in, ~bout th~ same manner with 
Mach nUmber as did' tl1e total tail-lo,ad gr~d.ient ~ Another point to be 
.noted j.n f'lgure 21 1-s that the' 1nbo,ard. sections cal:-r1ed more' of the in
Gl;'.easE!d ioea on the tail than did the outboa,rd sectiohs as the' lift . 

.. coefficient was increased at h,:l,gh.Mach.nUD;lbers. Figure 1.5'(1) of ref
erence '2' showS that there. was a ma.rkad. decrease in lift at the.wing 
stations ad.Jacent to the f'uselage 'at a'Mach number of '0.78 'and. a lift 
coeff'iclent of' 0.20. Consequently, a decrease in the rate of change of' 
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downwash' wit~ lii't coefficient directly pehind. this pu-t of the wing re
sul.te..d:.:i:n .larg,er 10a<1 gradients: fort1;le' fn:po~d. tail sections. . . '.. . . -: '- ~ -. . 

":( .. :. ':".'!':... • .-~··r· .. : .. '.', .' .:.._ --'~:rr'-
In ord.er to ~te~~: whether q~tiU!.tive information regarding' 

the effects 0;f'.,comp~essib,~.11ty .on tote.:!;.. tail loads can be obtained from 
measurements at.only four stat1one, the average of' 'the va.lues of normal
force coeffictent measured. at ·these.sta~ions was plotted as a function 

. of total tail noz~l-force coe~ficient at several values of Mach number. 
Al.so determined was the ~ariat~on Wi ~h Maoh number of the average' value 
of normal-foroe coefficient at', z.ero lj.ft for' the four' stations. The 
resul.ts pre~elllted,. in figure 22 .show ·that.,'tlie average of . the section 

.. characteristics is in excellent ,a8reement with the tote.1 tail. chai-S:c-
. teristics over the Maqh numb~r range. . . .. '.' -

DISCUSSION . . . - ~. -

Tail Loads' 

The foll0-wi.n8 di,S9ussion is devoted malnly to showing wnether cur
rent desien s~ecifica~ions are conservative in predicting the magnitude 
and distribution of balancing loads on the horizontal-tail surface'at 

.. high speeds. ~is ~ 'be best accomplished by first dlscU6Sing '-the 
significance of ·the experiment~l balancing tail loads obtained over the 
speed range of the test airplane at its ma.xfmum. positive, zero, and 
maximum. negative load favtors,and then comparing these experimental 
loads calculated ~ccording to the method.S set :forth in current A.rm3' de
Sign s:pecificatiol';,l,s. (In order to ,parmi t a. ~Oml?a.ri'so'n of computed with 
experimental lOading, it was neqessarY, to waive the requirement in the 

""Army specifiQ~t1ons which stat~d. 'tn,at high-s:peed-tunnel data sliall be 
used for airplanes opera.ting~lat hiSb-, Mach" n'!JDlbera. ) The calculated 
loads were first determined aseumi~.no compressibility effects; then 
compressibUi ty corrections were made to the winS drag and to the wing 
'~itching moment at zero lift to acco~t f~r the effect of their change 
. on the calculat~d baJ.ancina tatl loaq.s at hi8h speeds. A detailed ac

count of the methods used,t;o calculate. balanCing tail loads ·asemri.1ng 
both incompressible and compressible flow is given in the a:ppendix. The 
-method. of .determining the experi.menta+ baJ.anc1ng tc..:j.l loads at ~ speed 
and acceleration factor has already been discussed 'under Results. 

. . 
Figure 23,presents the variation of calculated and experimental 

tail loads With j.naJ.ca ted airspeed .a t the limi t p08i ti ve ~ zero, and 
11J:n:l. t nega,t~ve load faqtora. There are s·everaJ. interesting observa
tions· to ',be made from this figure; one'is that there are' two ,:po'ints at 
which' ei ther maximum up-loads are obta1n~d'" or a 'trend towaid critical 
1l:P-loacls is ap:parent. The maximum. u~load is obtained at about the 
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minimum. speed at which the· d&eiSn pos1 t1ve load factor Of the airplane 
can be attained, and a trend toward cr1 tical up-loads is obtained at 
the inE.iximum. teet speed of the airplane.Al though the maximum posi ti ve 
loads so obtained are considerably below the design critical load on 
the tail (5290 lb), 1 t must be remsmbered :cha:t the momentarY up-loads 
introduced by def'leeting the elevators 'downward'to pitch the airplane 
out of a dive pull-out, or to'prevent the positive load factor of the , 
airplane being 'exceeded, .. must be: adtled to the' balancing tail loads. This 
point' 'should be emphasized, because i't is eiltirely possible t'o visualim 
a caee' where, 'ae 'the sj:3eed' change's d.Uring a high Mach number dive pull
out, the compresaibi,lity effa-cts oh 'the w:l:ilg pitching moment and on the 
airplane stabi11 ty would reeul t in an. abrupt increment of etalling mo
ment which would have to be countered quickly by deflecting the eleva
tors downward to prevent the wings being overloaded. 

In addition to the maneuvering loads that are introduced by abrupt 
deflections of' the elevator, there is th~ possibility of excessive loads 
being encountered in a high-epeed~ high-g stall. Two important contri
butions to critical up-tail loads during a high-speed stall are first, 
the momentary loadS immediat&J;y follOwing the 'stall may be increased 
about 'lOO'percent over the'load Juet before the stalLbecause of'the 
abrupt decrease in downwash from the stalled' wing and second,; the fluc-
tuatin,g' dowwash from the stalled wings coupled wi til' the increased .. 
energy- in the higher--epeed air stream might result in dynamic stresses 
which could lead to tail failure even though an airplane remained wi thin 
the boundary prescribed by 1 t's' speed-strength diaera.m. The pnss1bili ty 
of stalling inadvertently at h:i,gh speeds is increased by the fact that, 
for conventional airI'bi'ls;~ ,the value of maximum ;Lift, coeff'icient de--
creases rapidly' with increasing Mach ilUmber.' "(See ,refer~nce' 4.) If,' 
for a given airpl~,: an"Unu:suall.;r,' rapid', decrease does occur, ~ it would 
be a.dvisable to have the no:rmill high~peea..:-hiBh~ balancing tail load 
less than half the design up-load because' :Of- the poesibili ty of over-
loading the horizont~l tail during a' high-speed stall. 

" ... . , 
Another'inte;resting observation to ,be made' in figUre 23 is that the 

maximum. balancing- down--loa.ds will occur at' the airplane maximum test 
speed and' at the design' negattve load: factor.,', 

, , .', -' .. :," 

A comparison of the calcula.ted with the experimental loads (fig. 23) 
shows that, at zero load factor, the computed loads are in excellent agree
ment with the experimental up to an indicated airspeed of about 420 mile 8 

per hour (0.72 liJach number). At progressively higher speeds." thea.c'tual 
dO'tm.-loads increase'much lW:t-e rapicUy'than t.he caldllated, until at the~ 
highest test speed, the computed load.s (correc'ted for compresS1bil1 ty) , 
underestimate the actual 'loads by over 700 pounds. Curves are presented 
in figure 24 shoWing :the calculated· and the 'experimental' variatiOn of' : 

t 
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(C~o ) a-t with Mach number. The change in the experimental v~~~ __ 

of (C~) up to ~ Mach number of 0.72 is the r~su1t of the - -
o 'a-t 

- - - -.-

thrust moment ~crea.sing as the Mach number is increased above 0.3. Be-
yond a Mach number of 0.72, the effects of compreseib~lit,y are predom
inant end are manife~ted by a 'sharp increase in the negative value of 

( OM) A coinparison of the ~~c~ated. curve (c;~ected ror " -':-'Po a-t • 

compres~ibility), with the' experimental ~urve ~hews ~~od agree~:nt up 
to a Mach number of O/'f5. ' At h:l,gher Mach numbers, however,' the computed 

, , , 

v~lues of ,,( 'C~o )a_tb~C~lIIS 'inc~a.~ingly unconser:v~tive ~ ~~Ould 
be noted. at this !'Oint' that, although the c'o~reesibili ty iJ;lcrement to - -----
the balancing down-loa.d. at -high ,speeds 1NlY not be critical for airplanes 
having winge with li tt;le or no camber (such as the test' airplane), it 
may be very critical' for- airplanes having winge with high negative 
moment, coeffiCients ,at zero lift and low speed, since the adverse ef-" 
fects of compressibili~ would. increase ,the initially large down-loads 
necessary to 'bal~ce the airplane at high speeds (and zero Uft). 

At J-ow and medium speeds the computed loads corresponding to maxi
mum positive (7" 33) and maximum. negative (--3.0) load factors were about 
10 percent.iower theil:the actual loads. Since computed values of 

( CMp) ,,~ee ~ell wi~h ~xpe~imental values, this'~disc-~epancy"
, 0 a-t 

must be due to the fact that the calculated. destabilizing moments of the 
wing, the fuselage, and. the propeller are too low. The discrepancy cor
responds to an error in the estimation of the aerodynamic center (tail 
off) of about 1.2,~ercent mean aero~c chord in the low- and 
medium-speed. ranges.: At s:peeds where Mach number effects become im:por
tant,' the conventional methods used for accounting for compressibility 
failed completely to follow the variations in the actuaJ. tail loads. 
Thus, the rather rapid reduction of the experimental up-loads (corre
s:ponding to maximum. :positive load. factor) beyond an indicated. speed. of 
400 miles :Per hour and the sharp reversal toward. increasing u:p-loads at 
an'indicated. speed. of 440 miles per hour were not :predicted by the cal
c1.'tlated. values. Similarly, the decrease in'the actual down-loads 
(corres:ponding to lDaXilll.um negative load. factor') beyond. an indicated 
speed of 360 miles -:per hour and the sharp drop 'toward ;ta.rger negative 
loada at indicated speeds above 420 miles ,per hour were not predicted. .. , 

" 

----------
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These discrepa.r4cies arise from the fact that the tail·-of£ instability 

[ ( dCMp/dCL) a-t ] as well as the value of (cMpo) a-t of the 

airplane were not predicted accurately at high Mach numbers. This is an 
important point since high-a:peed wi(d-t:J· 1 test's have genera.lJ..y shown 
tha·t, at very high Mach numbers, OM will rapidly change in a 

--Po w 
positive (stalling) direction after having reached a mdnimum negative 
value. If, at the' 'same time, tlie aerodJ'namic center of' the airplane . 
continues .to·~~e rapi~ forward, (or tail-of~ instabIlity increased),' 
then a critical loading ~ondition on the horizontal' tail is indicated. 
Figure 25 compares the,exper~mental curve of the aerodynamic center of 
the wing-fuselage-propeller group as a fun6tion' of'-Mach number with the 
calculated curve. The experilllentSJ.· curve was derived from the curve of 
dCNt/dCL as a ftmction or,Mach number in figure 16. The calculated 

aerodynamic center at a given Mach number was determined f'rom the index 

tail-off, stability of the ,.airplane . r (: ·dCM...../dC~ )" :" J' :wliich was L . '~p . a-t 
determined by computing the net d.estabili zing momep,t of' the airplane 
minus t&ll by methode given in the appendix for two values of lift co
efficient and assuming a linear variation of' the moment .c,efficient with 
lift coefficient. It is interesting to compare the curves of tail-off 
.aerodynandc center with a similar curve, also shown in f'igure 25, which 
is dependent on the shift in aerodynami.c center on the wing onJ..y as the 
Mach number increases above 0.3. This effeet was. computed from wing 
presBUre-distribution data presented in reference 2 tor. lift coefficients 
of 0.1,. 0.2, and 0.5. A definite similarity in the sha.pe of the experi
mental curves is shown. 

A comparison of the.calculated loads on one side of-the tail with 
the . experimental left- and right tail loads iaahoWn in 'f"igure 26. The 
calculated' loads (assuming symmetrical loading) were" determined by di
viding 'by 2··the total loads .. ~n. :figure 2j. Because of the :posl tive 
as'y-mmetry of the actual loads :at B.J.l indicated speeds' exceE,t __ . between 3)) 
and 390 miles per hour.at zero lo~dfactor, and because of the positive 
asymmetry ot' .the tail-loa.d gradient, tb.e. left tail carried an increaair.g 
percentage' of. .. the totai up-loads at hiBh speeds and- load. factors} and 
the right tail carried a greater pa.r.t of the·total. ·dowri.-l-oad at high 
speeds and·zero or' negative load f~ctors!. It follows that the computed 

'. loads for the left. tail will, in gep~rar,'be more uriconservatl~e than 
will those for the right tail. . Thi~ is borne out by figure 26 which 
shows ·that the calculated. up-loads are conservative' as cc;>m:pa.red.wi th 
the actu.al· right tail loads EI,Ild ut:lConservatlve as compared· with .the 

• 
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eXJ;lerimental left tail loads. At zero and maximum. negative load. factors, 
the calculated loads show good agreement with the eJqlerimental loads 
except at the highest speeds 'oThere they become unconservative. 

Root Bending Moments 

In order to dhow wheth~r current design specifioations are conserv
ative in predicting the distribution of balanoing loads over the 
horizont..aJ..-tail surface, the root bending molllents wore determined over 
the speed range of the airplane and at the maximum positive load factors. 
Bending momenta at zero and negative load factors were not considered 
because they are not critical as far as maxirn'Un bending moments ~e con
cerned. The e}..,,]?erimental bending momen:ts ,yere obtai~d by c;:ombinins. the 
values of tail load. co'rreap0nd.ing to the mexiro:Uln positive load. factor. 
in figure 26 with the d.ata in figlu'e 27. which show the variation wi~h M 
of the lateral d:l.stance to the center of pressure at the maximum. posi
tive load'-factor. Also shown in-figure 27 '1s the calculated location of 
the lateral distance to the, center of pressure obtained ~y determining 
the centroid of area of one sid.e of the tail. The experimental and 
calculated b~nding-moment curves are presented as figure 28 . 

The experimental curves reveal that the critical bending mo~nt on 
the left and right tail will occ~ at the minimrom speed at which the 
des!@). load factor can be obtained.. At highe:!:, speeds the ben9-ing 
moments drop off" at first gradually, 'then more' sharply 'as the speed is 
increased beyond the 'point where compressibility causas the center ot 
pressure to sr.:I.i't inboard. .colU1'.arison of the calculated with the exper
imental results showa that the calculated bending moments are uncon~ 
aervative over most of the speed. range much more for the left tail than 
for the rie:;ht.: This follows because the ,calculated loads are Uncon
servative as compared with the experimental results on the left tail, 
and the " calculated. distance ,to' the center of pressUrs is inbOard of the 
experimental vaJ.ues on both the left and. the right taiL At high speed.s, 
the calcula~d. bending mon~nt8 ,tend toward ,conservatism mainly because, 
the ~;x:perimentalceriter of pre'ssuJ:oe sh:l..f.ted inboard a.t. high Mach nuni-
bers.,"·-: - ." .,'" .... _-..... ' 

.- ..... _---- ' . 
. ~ . . 

Asymmetric Loads 

The experimental asymmetric load~ der~ved from the curves in fig
ure 26, correspond.ing to the' ma'timum positive load. factors, are shqwu_ ,., 
in figure 29· These curves were chosen because the combination of left 
and right ~iJ,.; loads, :Lor 'these 'coUi;litiona ~esulted. in the ma.."CiIirUm eJqler-' 
imental aSyIli1Jetric= .:loads .. 'The~ ·pa:lcull;l.:ted asymmetriC loads were ~btained. 
by methods, outlined. in current:~ 8pec1fi~ationS where it'is,specified 

, . 
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that the load. over one side of the tail is equal to the maximum loa.d far 
that side obtained from any conditions, while the load on the other side 
is the load from the foregOing condition multiplied by a'f~tor . 
1-(n/7.33) where n is the lim t man~uvering load factor for which t.:b3 
airplane is designed. For tho purposes of this report, n is defined. . 
as a val.ue which 1s limited by the stall at low and medium speeds and by 
structural considerations at high speeds. 

Applying the m:lthods given in the Arm:! specifications with this 
interpretation resulted in the calculated curves shown in figure 29. A 
compar'.son of these curves wi th the experimental curves shows that- -the 
:maximum calculated as,ymmetric load occurs at the minimum speed at which, 
the design load factor can be reAche.d The calculated values ,are· very 
conservative over most. o:f the speed range becoming less conservative at 
the highest speeds, particularl~y for the curve corrected for compressi-
bili ty. ' 

Torsional Momenta 

In order t() ,investigate the accuracy w:i.th which the present design 
specifications predict torsional moments, the calculated and the exper
imental torSional moments' were obtained for conditions· .giving the maxi
mum experimental torsional. moments at any speed, in this case the 
condi tion of' maximum posi ti ve load fac,tors. Since the' torsional mOment 
is defined as the left tail' bending moment plus the right tail bending 
moment, 1 t is evident that the experimental torsional moments can be 
derived :from figure 28. The calculated torsional moments can be ob·
tained from the values,civen in figure 29 and the calculated values of 
center of pressure given in figure 27. ' The curves so obwined are shown, 
in figure 30. Again it is noted that the cal.oulated values are conserv
ative over the entire speed range, the margin of conservat1s~ becoming 
less at very high speeds, particularly for the curve c,orrecr,ed for cqm-
pressi bili ty . ' , , 

In order to permit comparison with corresponding experimental data, 
calculations have been made of chordwiseand spanwise loadings at four 
values of lif't coef':ficient and Mach number. One point was chosen at a 
high value of 11ft coefficient and an intermediate Mach number to corre
spond to one of the condi tiona where critical loa.ding of the tail in a 
Positive direction was indicated. The other three points were taken at 
the highest-Mach numbers (0.78 and above) a:nd at lift coefficients cor
responding ,to the maximum, an 'intermediate, ahd the lowest acceleration 
reached at these speeds. Figure 31 compares the experimental With the 

" 

• 

• 
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calculated loading over the tail. The calculated load was' distributed 
over the 'horizontal tail according to the methods specified'in cuxrent 
Arm1 design requirements. 

Comparisons of the distributions ~n figure ,31(a) Shows that the 
calculated loading predicts, the 'stabilizer 1eading-edge loads fairly 
well for, the right but not for the .left tail. The calculated. elevator, 
loads are of about' 'the same magnitude as the eXIlerimental but they act 
in an opposite direction, since current design specifications do not 
require a consideration of elevator angles in designing the tail for 
balancing loads. It is also to be noted. that the calculated. spanwise 
loading underestimates the' actual bending momente that exib't on both 
the right and left tail. (This has already been noted previously.) ,In 
figure 3l(b) the calculated. load is so small that the chordwise loads 
are hard.J..y discernible,. 'and the resulting unit s:pa.Il loads were too 
small to be ,plotted. From this figure it can be ,seen that the aqtual 
load, even at maximum acceleration reached at this speed, is much larg
er, negatively; than that predicted. 'It can also be seen that the 
change in, the' direction of the e:Jqlerimantal load. across the span is not, 
predicted. 'The pred1ctlni; of this'type of loadj'ng is, of course, diffi
cult if not impossible by rational methods at the present time; but the 
importance of th~s t,ype of loading should not be overlooked, since pres
ent design SpeCifications' maY predict fa;irly accurately, the total tail, 
load at a given condition and still be critically unc,onservative in :", 
predicting ~ctual bending moments, torsional moment's, and chord.:wi~e 10fJli 
distributions. Figures,3l(c) and (d) also show considerable ~sa.greeme.nt' 
between calculated and eXl?erimental loadings. The very high expe;ri
mental negative urii t-apan 'loads at the inboe.rd. stations and the 
associated high down-loads at the stabilizer leading edge are complete~ 
misrepresented by the calculated loading. It appears from these data, 
therefore, that ~e us~, 9~, current design requirements might lead to 
large and perhal?,e critlc~l errqre' in designing the ribs, skin, leading 
edge, and spars of the horizontal tail. ---

CONCIlISIONS '" 

, . 

1. Because of the effects of compressibi~ity on the balancing tail 
loads at high Mach numbers, the deSign procedures which do not aa~ 
equately account for these effects may yield balancing loads which 
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underestimate the actual values. For the test airplane, the compressi-_ 
bili ty increment increased the balancing down-load at zero load f'actor 
by over 150 percent at the highest test Mach number, 

, , 

2. Extreme up-loads on the horizontal tail ~ develop in accel
erated flight at medium and high s:P8ede. ,In accelerated maneuvers at 
high Mach numbers, the very rapid increase in tail-off instability such 
as experienced by the test airplane, may. lead to up-loads in excess of' 
that for which the tail is deslgned. 

3. Critical torsional moments on the ref!,r f'\.\selage sections and 
excessiv.e tail bending moments ma;y result because of the trend toward. 
high asymmetric loading of the,hqrizontal tail at high Mach numbers. 
For the test airplane, the ~ffects of compressibility were'to decrease 
the left tail and to :I.ncrease the right-tail bend,ins moments at the 
higher Mach numbel:'s. At highe'r values of lift yoelficient (0.5 to 0.8) 
there was little mOvement of the lateral distance, to the center of 
pressure ,on the left or r~ght tail u~ to a Mach number of 0.73. Beyond 
that,Mach number at low lift coefficients (0 to ,0.1)., the center of' 
pressure was, inboard ,of the v~lues at lower speeds particularly on the 
left tall. 

4. It appears that press1ll"e-distrj,bution~asurements at four sta
tions (about equally spaded alopg the, tail span" two, on_each side of 
the horizontal tail) would suffice to provide quantitative info}:-ma.tion ' __ 
applicable to the deS1g~ of the, whole horizontal-tall surface. On the 
test airplane, the effects of compress1~ility on total tail loads were 
shown qualitatively by 'resUlts of pressure-dist:ribution measurements at 
each of, the stations except', that on the left tail about 4 feet- outboard, 
of the fuselage center line. ' 

5. The calculated compressibility increments used to correct the 
computed tail loads for the test airplane at high speeds were small and, 
except for the critical down-load conditions, could be neglected. 

6. Because the variations in the tail-off moment coefficient at 
zero lift and in airplan~ stabili t.y were not predicted accurately by 
modified current ineth:ods' at the hlgher Mach' numbers, the cOlllputed tail 
loads, vThich showed good' agreement With, the experimental load,s at lower 
s:peeds, failed to pred:tct the changes in actual 4.0ading at the higher 
Mach numbers. . , 

7. The calculated root bending moments were unconservative over 
most of the s:peed range as co~pared with the ex~erimental values, except 
at the highest:spee'ds"'whe're "the actual center CIt, pr,e'ssure on the left . 
and right tail moved inboard of the calculated value. :, 
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8. The maximum. calculated asymmetric 19ads and fuse lase torsional. 
I moments were conservative as cOJDIlB.red with the maximum. ex:perimental 

values. 

9. The s:pec:Lfied chordwise distribution of the balancing tail loads 
over the horizontal-tail surface was considerab:!s' in eIlI'or und.er cer
tain condi,tiona because the actual section angl~ of 'attack (contrary to 
wh!:'.t was assumed.) was not constant acrose the tail s:pan, and because the 
elevator angle was not taken into account in distributing the chord.w1ae 
loads. ' -

r 

Ames Aero~utical Laboratory, 
National Advi~ory Committee for Aeronautics, 

Moffett Field, Cal~f., August 28, 1945. 
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APPENDIX 

,Co~putation of Balancing Tail Loads 

W:l,th several mO,dificatl~ns, the methods outlined in current A.rrrq 
design, spec1f1catiens were used to determine the calculated tail loads 
over a range of speeds and 11ft coefficients. The methods used to' cal
culate balancing, tail loads in this report differ from those specified 
in t~e ~ requirements in th~ following particulars: 

1. The ta.i1-off moments of the a,ir]?lane were determined by combin
ing the moments of the component parts of the airplane fer incompress
ible and compressible flow instead of from high-speed Wind-tunnel tests 
as was specified. The moments likely to be changed considerably by 
compressibility effects wore corrected by the best available methods. 

2. In calculating balancing tail loads, the destabilizing moment 
due to the normal force on the propeller was taken into account in addi
tion to the wing, fuselage, and propeller thr\lst moments specif1ed in 
the current requirements. This destabilizing moment due to the propel
ler was included because, in some, :cases, the computed moment ,Was almost 
40 :percent of the totaJ. destabilizing moment of' the airplane." 

3. The variation of thrust with indicated airspeed,'oorresponding 
to the experimental engine power setting 'of' full throttle and, 3000 rpm 
was used instead of, the specified hormaJ..-rated-power setting of 39' 
inches of mercury manifold pressure and 2600 rpm,' , 

The' equat,ion specif'ied by the Army for computing balahc;tIlG. taiJ~ , 
loade 1!JI3:3' be rewritten as follows when the foregoing changes are inco%'
porated: 

The use of the'above eq'll-ation is illustra.ted in ~ example whe~ the 
ba1anciDg tail load is :d.eterinined at' an indicated airspeed of 463 miles 
per hour at 15,000 feet (0.785 Mach number) and at the design positive 
load factor ('7. 33) of ~e airpl~e for both 1n9QXllpr.es~ib1e .a.nq. com- ,~ 
pressib1e flow. The de~ivation'of the various quantities tha~~e to 
be combiner. in the preceding 'eqUation may beat be illustrated by the' 
use of the following table:' ' 

.. 

• 
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Incompre ssi ble Compressible 

Item 
Source Source 

Value reference Re:ma.rks Value reference Remarks 

CL 0.51 ------ Corresponds to 0.51 ------ Same as 
, f'qregoing con- incompre ssi ble 

ell tiona and winS 
loading of 35.7 

Ony .024 . Mfrl s· design Corresponds to .106 Unpublished --------
criteria lift coef:f1- data 

cient of 0.51 

( CMpo ) w 
-.0011- 5 -------~¥~~~.--~-- -.0073 Empirica.l --------, 

, formula· 

, 
dC~/dCL ,029 6 --------- .029 - .... -_._- Same as 

inc CJIJIIll'6 ssi ble 

C~ .0106 ------- Corresponds to ,0106 ------ ..... Same as 
lift coaffi- incompressible 

t 
cient of 0.51 

d~/~ .0483 7 --------- ,0483 ------ Same as 
incompressible 

i' ., 

~NFP .0177 ........... _-- - CorrespondB to .0177 ------- Same as 
lift coeffi- incompressible 
dent of 0.51 . , 

Tc .004· - - - - _.- Correspon.da I.A ,8 .. .004 ------ Same as 
463 mph, prop. , incompressible 

i eft'. 80 percent I 
bhp 1125 
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Substituting the values for incompressible flow from the preceding table 
into the equation gives ' 

Nt = [ (0.51 X 0.046 - 0.024 X 0.067 - 0.004) + 0.0106 

0.004 X 0.00149 x 5652 x 11.582 X 0.855 
517 X 213.2 X 6.72 ' 

+ 0.0177 ] 511 X 213.2 X 6.72, 
15 

Nt = 2240 pounds as compared with the experimental load of 2300 pounds 

The computed load assuming compressible flow is changed by the 

amount tha,t ( C~o) w and CDw change from their low~peed values 

due to compress1bil1 ty. Substi tutlng the corrected values of Cn
w 

and (C~' )' into the above equation gives 
ow' 

Nt = [ (0.51 X 0.046 - 0.106 x 0.067 - 0.0073) + 0.0106 

0.004 X 0.00149 X 5652 X 11.582 X 0.855 

517 X 213.2 X 6.72 

+ 0.0177 ] 517 X 213.2 X 6.72 
1:'; 

Nt = 1808 pounds as com:pared wi th the experimental load of 2300 pounds 

'" 
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TABLE L- ORDlNATEB AT PRESSURE ORIFICES ON HORIZONTAL TAIL OF TE~ AlRPLANB 

[All vaWeQ "are in percent of ebord] 

RowB Bov C RowD 

Upper BIIl'f'_ LoIIer SU1'!IIce Upper .....r.oe Lowe IrIIJ.'hoe 
Upper __ 

I.ower s~ Upper lRIl'taoe La!on' lNl'taoe 

fit&- 0ri1- at&- 0ri1- Bte.- O:U- at&- O:U- BtII.-
tico illite tico nate tlOD nate tiOl1 II&te tlcn 

ran siiID 

1.~ 1." 1." 1." 2.~ 1.70 2.84 1.70 1.61 
10.1, Ml 9.37 3.~ 10. 3 3.23 9.88 3.27 7.30 
30.96 If. ItS 30.96 ~.~ 31.89 !f.ll 31.9' 11.21 20.3' 
1f7.10 "-.13 116.'4 !f.23 42.61 2.95 112.66 3.91 31.06 
'7. ItS 3.80 5'l.1lIl 3:12 511." 3." 5If.0 3.~ 116.91 
62.54 1.80 62.~ 1.86 59.77 1.~ 59.86 1.86 '7.29 
68.98 2.~ 69.04 e.1l9 ::~ 2.61 68.98 2.~ 6M8 
82.611 1. B2.68 1.~ 1.66 80.~ 1.73 83.73 

RI8IIt a1ilD 

1.3!f 1.If, 1.~ 1.1f5 2.02 1.,-/ 2.1fO 1.70 1.96 
10.10 3.57 10.03 3.115 ~:06 3.27 10.113 3.29 9.80 
30.90 ~." 30.86 1f.47 31.~ 11.20 31..86 1f.08 3,.56 
1f7.70 !f.1O 1tr.22 .\-.16 IfJ.08 3.!)2 1f3.08 3.83 ~.02 
57.70 3.70 ~.:lII- 3.~ ~.33 3.63 ~.42 3.,1 60.13 
63.33 2.17 62.1to 1. 59.36 1.9' 59.52 1.59 71.11 
68.67 2.~ 68.60 2.92 

a:1l9 
2.71f 69.l4 2·72 ~.97 

82.25 1. 82.11 2.~ .23 2.02 ~.26 1.97 _ ....... 
--.. - --- .. --- ---- .96 1.36 .73 1.36 ----

I .- I , 

Orti-
nate 

l.21f 
2.1f3 
3.26 
3.~ 
3.03 
2.19 
2.09 
1.17 

1.1!9 
3.00 
3.66 
3.29 
2.~ 
2.17 
1.20 
------

, i 

BtII- Orti- BtII.-
t1an Date t10D 

1.211 1.~ 2.08 
7.08 2.1tS ~.0If 
2O.~ 3.38 1j6.111 
33:19 3.~ ~.56 
116.71 3.01 70.60 

~." e.36 '19.80 
.~ 1.99 ............ 

83.73 .99 -_ .. -
2.1f3 1.16 1.98 

10.12 2.~ 25.2If 
36.08 3.29 ~.37 
1t9.26 3.11f 58.86 
60. lie 2.111 7J..:lII-
~.2If 1.91 80.16 

.97 1.18 . ---.-- -- _ ....... 
..... -- --- ----

NATIONId. ADVISORY 
COMMITTtE ,.. AEIOIIMITICS 

0rd1- at&- 0rd1-
nate tian nate 

1.i!O 2.21 1.1f3 
3.15 eIf.98 3.09 
2.93 1t6.3If 2.93 
2.11 ~.72 e.ll 
1.9' ~.99 1.9' 
1. Ito .00 1.37 
---.. ----- .. ...... 
---- ----- --_ .. 

1.50 2.02 1. elf 
3.21f e6.l8 3.09 
2.~ 115.85 3.06 
2. 58.37 1.95 
2.11 70.93 1.9' 
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Figure 3.- Three-view drawing of the test airplane. 
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Figure 4.- Variation of thickness ratio along horizontal-tail semi-span of test airplane. 
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figure 5.- Simplified piotorial aketoh showing added reinforoements in test tail of test 
airplane. 
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Figure 6(a-c).- Ox1fice locations on horizontal tail of the test airplane. 
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Figure 6.- Continued. 

Fig. 6b 
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Figure 6.- Concluded. 
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(e) Upper surfa.oe; Vi .. 550; If .. 0.69; 
613 .. 5 • .,0 d01fn; .i.z .. 1.1. 

(g) Upper surface; V~ c 454; •• 0.12; 
66 ", 5.40 downJ .az .. 6.0. 

(f) Lower BUl':f'ace; Vt Q 350, II: .. 0.69; 
6e .. 6.70 down; Ae - 1.1. 

(b) Lower surfa.cel V!. ... 454; K ... 0.72; 
6e .. 5.40 ~own; Az .. 6.0. 

Figure 1.- ConclUded. 
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rigur~ 8.- Eng1n~ speed, propeller-blade angle, and brake'horsepower 
for the engine-throttled, prop~ller-in-h1gh-pi toh power 

setting of the test airplane. 

figure 9.- J:ngine speed, propeller-blade angle, and brake hor.~ower 
for 8. pow~r setting of full throt'tle and 3000 l"pIII of the 

teat airplane. 
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rig. lOa. NAOA TN No. 1144 

F1gure lO(a-n).- Pressure distribution on thp. horlzontfr.l tll.ll in power-on [liS-lit. 
Test airplane. ... .. 
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Figure 10.- Continued. 



rig. 100 NAOA TN No. 1144 

Figure 10.- Oontinued. 
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Figure 10.- Continued. 



rig. 10e MACA TN Ho. 1144 

Figure 10.- Oontinued. 
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HAOA.Ti Ko. 1144 rig. lOt 

figure 10.- Continued. 
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Figure 10.- Oontinued. 



rig. 101 NACA TN No. 1144 
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Figure 10.- Oontinued. 



!lAO'&' TJT 10. 1U4. Fig. 10j 

Figure 10.- Oont1nued. 
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Figure 10.- Oontinued. 
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Figure 10.- Oontinued. 

Fig. 10l 
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Figure 10.- Oontinued. 
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Figure 10.- Concluded. 



Fig. ll& IAOA TM No. 1144 
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F~gure ll(~d).- Basic power-on data plotted as a function of airplane lift ooefficient 
lor several values of Maoh number. Test airplane. 
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Fig. llb 

XAOA TN No. 1144 

• Figure 11.- Continued. 



Fig. 110 NA04 TN No. 1144 
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Figure 11.- Oontinued. 
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Figure 11.- Concluded. 



Figs. 12,13& lrA.Ool TI 10. 11404. 

Figure 12.- V~i&tion of the oaloulated value of oritioal Kaoh number with lift ooefficient 
ror & symmetrioal 8-peroent-tbick airfoil seotion. (Data taken fro~ referenoe 3). 

.a"': 
iU 
;:III .... 

(.) 
.<:I .... ...... ......... 
It .. 

0 
100 .. 
g~ ........ 
u .... .... ...... 
\\5 
0.-1 
01: 
~<iI ... 
0 .... 
'70 
';;1:1 
f::l 
0';;1 
I'll> 

.-l';/ 
<iI ... ... " ~ 
..... ." 
001 

Q., 
010 .... 
" k ala> 
.... .0 :g 
~ 

X ~ 
OJ 

.-I ", ... 
.-I .. 
." 01 
l; ,. 
'Ill '" ... .. ... Eo< 

.. 

.. 

A.. 



F1gur1l 13. - 0an01UdIld. ... 
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l1gurll 13.- Oont1nued. 



rigs. 14a.,b NAOA' TN No. 1144 

Figure 14(a.-o).- Va.r1at10n with indicated airspeed of horizontal-tail loads at several values of 
accelerat10n factor; pressure altitude 15000 feet. Test airplane. 
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Fisuxe 14.- Continuod. 
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HAOA TN Ro. 11'4 Figs. 140,15& 
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J'igure 14.- Oonoluded • 

• Figure 15(a-c).- Variation of horizontal-tail loads in steady unaccelerRted flight w1th pressure 
alt~ tude at several values of indioated o.1rs .. eee.. Test airplane. 
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Figure 15.- Oontinued. 
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F1",ure 15.- Conoluded. 
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Figure lS.- variation with II&oh nUllber at rate at ohIIIIgo at t&11 
~ norlllll~faro9 ooe:!!1oient with airplane lift oootficiont. 
• est EL1rplane. 

• 

Figure 17.- variation of tail-load gradient wUh II&oh mDllbe". 
!eat airpllUlD • 
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l3(~-C).- VSTln,lon of root bendlng-moEent coetficients and 
fuselage vor~onal-QQment coeftioient with ».ah 

at toyer::1l V3.1"Jep of airplano lUf coef!1oient. Tost airplane. 
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Figure-_ 18. - Continued. 
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Figure 18. - OoDOluded. 
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Figure 19.- Vu1a:Uon of lateral d1lltanoe to oenhr of preallllre on 
right and len 'tail with lleob. 1WIIber. !eft a1rplene. 
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figure 30.- 1&r1atlon of 18f~ 6lUi. :r1glij t8.11 l'ooli b00ld1ng fIIOii8fil;ti 
a.od iuseh,ge torsiollB1 IlOII!mb wHh IIaoh munbllr &~ IJII 

airplane 111t coeffioient 01 0.10. re"" airplane. 

• • 

f1gure 22.- OoIIpariaon of the average ot the a.etion oharaotertstioB 
with the total t&11 oharactll1'1atloa. 'reat airpl&ne. 
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figure 31.- ~o~r1aon of sCot1on obaraoterlllt10. With total tall obaraoter1ot1oa. Teat a1r1'lane. 
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l'ir;urs 23.- Ollllpl'rillOll of calculated nth lIrpubmtll b&lano1.ng ta1l lallde at .,.1.". po&1t1n, 
suo and. IIIIX1mm negative load fa.otors. 'I'.m a1rplsns. 
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J'1£1,1re 34.- Var1"Uon of pitching lIOlIIout &t sera 11ft of airplane 
mlnua t&11 with Kaoh ~ber. Teat &1rplane. 

.1 

J'1gu:re 25.- TuuUon with JIaoh lWIIber of tha &erOdYDUio oeiItG 
of the Wing and tho wing-fWlelsse-propeUer Kr0UP. 

!eat airplllDe. 

.. .. ., 
t., 



Figure 26.- Compar1aon or !be calcu1ated lett (or riIbt) taIllDad~ with the 8%pBr1Inental val1Je8 
at mu1muIn poaW.ve, zero aDd mulmwn ll6pt!'r8 load factors. Test airplane. 
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r1g. 27 

Figure 27.- Variation of lateral distance to center of pressure 
at maximum positive load faotor with Mach number. 

Test airplane. 



ill 
:;n 
:-t ~t 

... 

....... 

··j4,'i 
~: 

{j';!::: 

.~;'I ~l·l[I~I~r0l~ ~;( ;iilF! 

~Hi 

hU'l'Io1l.n AU ... CIU"" 

i-;,.;:>':ir-
:Ug~-.. :,:IS: ~ 

~:Rlr::·-'· 
.. ~ 

.. 1~:;IH.I~r;t:.i; ">:;::::t;;i: 

,-- ~:r ;;-;;t,J-:~;:;; .. ._::,,1::;: :::':0: 

Figure 28.- COmparison. of thecaloulated with t)J.e experimental left and right tail bending moments 
at maxiDl\lDl positive load faotor. Test airplane. . i 
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Figure 39.- OolllpS.:rilOll of oaloul&tod with experimental &syBIetrio load. at II&XiIlUllll poRitiTO lOad 
hctor. !est aJ:rplane. 
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F1.gure 30.- OOllp&riaon of e&loulated with experimental torsional _ante at IIIlXiIlll,llll poa1tha load 
factor. Teat airplane. 
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Fig. 31& 
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., 

rigure 31(&-4).- Oomparison of the experimentally determined load distribution with th&t 
oalou1&ted by methods outlined in ourrent Army s~ecific&tions. Test 

airplane. 
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Figure 3l.- Oontinued 
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